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ABSTRACT 

OBJECTIVES  
 
The project, Catalytic Gasification of Coal Using Eutectic Salt Mixtures, is being 
conducted jointly by Clark Atlanta University (CAU), the University of Tennessee Space 
Institute (UTSI) and the Georgia Institute of Technology (GT). The aims of the project  
are to: 

• Identify appropriate eutectic salt mixture catalysts for the gasification of 
Illinois #6 coal; 

• Evaluate various impregnation or catalyst addition methods to improve 
catalyst dispersion; 

• Evaluate effects of major process variables (e.g., temperature, system pressure 
etc) on coal gasification; 

• Evaluate the recovery, regeneration and recycle of the spent catalysts in a 
bench-scale fixed bed reactor; and 

• Conduct thorough analysis and modeling of the gasification process to provide 
a better understanding of the fundamental mechanisms and kinetics of the 
process. 

 
 
 



 
ACCOMPLISHMENTS TO DATE 
 
Several binary and ternary eutectic catalysts have been identified for the gasification of 
coal.  The eutectic catalysts identified increased gasification rate significantly. The 
methods of catalyst preparation and addition had significant effect on the catalytic 
activity and coal gasification.  The catalytic activity increased by varying degrees with 
catalyst loading.  
 
Based on the TGA studies, the 43.5% Li2CO3-31.5% Na2CO3-25% K2CO3(LNK)  and 
39% Li2CO3-38.5% Na2CO3-22.5% Rb2CO3(LNR) ternary eutectics and the 29% 
Na2CO3-71% K2CO3 (NK) binary eutectic were selected for the bench scale fixed-bed 
studies.   
 
Experiments were carried out to obtain a kinetic expression of the Langmuir-
Hinshelwood type for the hetergeneous gasification reaction.  The effect of the amount of 
steam on the water-gas shift reaction was elucidated from the experiments carried at 
different steam flow rates for the catalyst systems studied. It was found to be in 
accordance with the thermodynamics of the shift reaction.  A simple Langmuir-
Hinshelwood model, excluding the effect of hydrogen inhibition provided a reasonably 
good fit to the experimental data at different temperatures and steam flow rates.  The 
general form of the Langmuir-Hinshelwood expression obtained was: 
 
 R =K1PH2O/(1+K2PH2O) 
 
Where  R is the specific gasification rate (min-1), K1 is the reaction rate constant, K2 is the 

adsorption constant and PH2O is the partial pressure of steam in the bed (kPa) 
 
The ternary catalyst system was a much better eutectic catalyst compared to the binary 
catalyst system. In general, eutectics with melting point less than the gasification 
temperature were better substitutes to the single alkali metal salts because they resulted in 
better catalyst distribution and dispersion in the carbon matrix when in the liquid phase.  
At 10 wt % of catalyst loading, the activation energy of the ternary catalyst system 
(LNK) was about half (98kJ/mol) the activation energy for the single catalyst system 
(K2CO3), which was about 170 kJ/ mole.  The binary catalyst system (NK) showed an 
activation energy of about 201 kJ/mol, which was slightly higher compared to the K2CO3 
catalyst system. 
 
The study of the effects of water-to-char ratio and agitation time on the catalyst recovery 
showed that these two parameters do not significantly affect the extraction efficiency of 
the catalyst ions from the gasified char.   
 
The XRD characterization confirmed that there are some new phases such as NaKCO3, 
LiNaCO3, and most notably LiKCO3 formed during the gasification.  This may contribute 
to the eutectics having higher catalytic activity.  It was also found that a new intermediate 



specie, KLiSO4 exists in the gasified char.  The effect of the different intermediates will 
be discussed and studied in the future. 
 
PLANS FOR THE COMING YEAR 

 
• The bench scale fixed-bed gasification reactor studies will concentrate on the ternary 

catalyst system 39% Li2CO3-38.5% Na2CO3-22.5% Rb2CO3.  
• Evaluate the recovery, regeneraton and recycle of the spent catalysts.  Future work 

will focus on the effect of temperature on the water extraction efficiency and the  
regeneration and recycle of the catalysts.  Other means of catalyst recovery such as 
lime or acid extraction may be evaluated in the coming period.  

• Characterization of the catalysts, coal/catalyst samples and products will be 
undertaken to assess catalyst dispersion and the effectiveness of the catalysts and 
impregnation/addition methods. 

• Data analysis and modeling, economic evaluation of the gasification process and 
project management and reporting will also continue in the future. 
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